Introduction
============

Recent theorizing has suggested that feeling sick and acting sick are adaptive elements in the response to a variety of ailments (cf. [@B32]; [@B23]), and that upregulated inflammatory pathways may play an important signaling role that facilitates the perception of being sick and organizes illness-related behavior. To the extent that inflammatory mechanisms play a central role in regulating perceptions of health and illness, self-reported health potentially provides a useful window on inflammatory mechanisms. Given the importance ascribed to pro-inflammatory processes in long-term health outcomes and particularly long-term cardiovascular health ([@B31]), better understanding factors contributing to pro-inflammatory tendencies has important implications for models of healthy aging. In particular, a range of social circumstances influence inflammatory processes and health, with negative social interactions resulting in greater inflammation and positive interaction leading to less inflammation ([@B24]; [@B17]).

The effect of family influences during youth and early adolescence on later young adult inflammatory processes are anticipated by predictive adaptive response (PAR) models ([@B30]; [@B55]), which note that if earlier family circumstances signal increased probability of future injury and/or pathogen exposure, it is potentially adaptive to prepare a developing young person to have greater inflammatory response potential (cf. [@B20]). From this perspective, social adversity and perceived threat in childhood should upregulate the innate immune system, a system that provides immediate defense against infection, and enhance pro-inflammatory response tendencies as a way to prepare for potential impending tissue damage and infection. PAR models are also consistent with broader life history theory ([@B15]) in suggesting that enhanced pro-inflammatory tendencies in young adulthood may be triggered by adverse social circumstances during childhood even if such adjustments carry with them the cost of longer-term negative health implications (cf. [@B4]; [@B29]).

A series of studies have identified a number of facets of parenting that may contribute to a "protective" approach to parenting in difficult circumstances that may reduce perceived threat and adversity for youth ([@B11], [@B10], [@B9]; [@B7]; [@B61], [@B62]; [@B28]). These "protective parenting" practices foster self-regulation, academic competence, psychological adjustment, and avoidance of substance related problems ([@B61]; [@B10]; [@B28]) among African American youth. The cluster of protective parenting practices includes both high levels of nurturant, involved, and supportive parenting interactions as well as low levels of harsh or inconsistent parenting. Such parenting interactions lead to a lower frequency of destructive arguments and a high level of youth perceived support from parents. The constellation of "protective parenting" practices conveys security, stability, and safety at home, creating a context that would be expected to protect against pro-inflammatory remodeling. Whereas as parenting relationships characterized by lack of support and harsh parent-child interaction would be expected to have a pro-inflammatory effect.

Better understanding of the way family processes during childhood contribute to or protect against inflammation is of particular importance for African Americans who have greater prevalence, earlier onset and more complications from inflammation related diseases, including cardiovascular disease ([@B37]), and type 2 diabetes. African Americans also have a 30% greater chance of dying of cardiovascular disease relative to whites ([@B48]), a twofold greater risk of type-II diabetes and increased likelihood of being affected by complications of type 2 diabetes, including heart disease, blindness, amputations, stroke and death ([@B41]). Increasing evidence suggests these conditions and complications are driven by inflammatory processes). African Americans also tend to show higher levels of inflammatory markers ([@B27]; [@B18]; [@B49]) than do whites. Thus, better understanding factors that protect against inflammatory processes may be particularly useful in identifying risk and protective factors for African American health in young adulthood.

Life history theory ([@B15]) provides a broad framework for hypothesizing two mechanisms that may relate parenting to inflammation, particularly parenting during periods that are characterized by rapid developmental change such as late childhood and early adolescence. Less supportive and more harsh parenting should accelerate speed of development ([@B4]; [@B25]) and lead to shifts in the innate immune system to better respond to a harsh interpersonal environment. Recent theorizing within this tradition suggests that these shifts may be manifested in changes in the relative frequency of particular cell types in blood ([@B39]) as well as in the epigenetic programming and gene expression of such cells ([@B44]). These two different types of effects on early programming of adaptive responses ([@B30]; [@B55]) suggest the need to examine two indirect pathways through enhanced inflammatory potential to health outcomes among young adults. At the same time, epigenetic effects of parenting are plausible given previously observed epigenetic effects from parenting to later outcomes through effects on methylation in animal models ([@B14]; [@B60]), and a growing body of research reporting epigenetic effects of early childhood experience for humans (e.g., [@B26]; [@B2]).

If verified, the influence of protective parenting in later childhood and early adolescence on young adult health may be particularly important because parenting practices are a potentially modifiable point of intervention that could be used to ameliorate health disparities ([@B6]). Prior work has shown that family support and problem-solving skills delivered during later childhood and early adolescence can help protect youth from adverse physiological stress reactions ([@B16]; [@B12]) whereas parental maltreatment or other adverse events in childhood contribute to vulnerability to chronic diseases later in life ([@B54]; [@B57]).

Although the way in which protective parenting during childhood and adolescence can be turned into biological changes with health consequences for young adulthood is not yet fully understood (cf. [@B35]), one way that upregulated propensity for inflammation could occur is through epigenetic programming of immune cells ([@B44]) by changing methylation of specific CpG sites (i.e., regions of DNA in which a cytosine nucleotide occurs next to a guanine nucleotide separated by only one phosphate), thereby influencing access to elements controlling rate of gene transcription. Because methylation of CpG islands associated with the first exon is particularly predictive of gene expression (e.g., [@B51]), characterizing individual differences in methylation of inflammation-related genes in the region of the first exon may be particularly informative. A second pathway from parenting to effects on inflammatory tendencies could result from changes in the relative frequency of particular immune cell types linked to inflammation ([@B39]). Individuals with more cells from the innate immune system would be prepared to mount a more robust innate immune system response, providing a greater pro-inflammatory context for reactions to the environment. More specifically, epigenetic programming of cells would allow them to show more pronounced inflammatory responses when exposed to challenge ([@B44]), an effect that has been observed in primate models ([@B19]), as well as in humans ([@B39]). Likewise, a changed distribution of inflammation related cells, such as an increase in the proportion of innate immune system cells such as monocytes (aka CD14 cells) relative to T or B cells (aka CD4, CD8, and CD19) could indicate a shift toward a pro-inflammatory response pattern.

The two different types of potential effects on early programming of pro-inflammatory responses ([@B30]; [@B55]) suggest the need to examine two indirect pathways in models examining potential biological mechanisms of influence from parenting to later health outcomes. With regard to epigenetic change of inflammation related genes, we focus on methylation of *TNF* due to the central role of TNF-α in inflammatory processes. All cells involved in inflammation have receptors for TNF-α and are activated by it to facilitate further inflammation. This positive feedback quickly amplifies the acute phase inflammatory response, making *TNF* an attractive focus of empirical attention. With regard to cell-type variation, we examine variation in concentration of cell-types in lymphocyte pellets to identify variation that may reflect relatively greater responsiveness of the innate vs. the acquired immune system. The resulting general model is portrayed in Figure [1](#F1){ref-type="fig"}. To the extent that the significant indirect effects (IE) suggested in the figure are identified, they focus theoretical attention on biological mechanisms potentially conferring long-lasting effects of protective parenting on health. Accordingly, we examine the hypothesis that protective parenting during childhood and early adolescence will be associated with self-reported health in young adulthood, leading to a negative (-) association and that inflammatory mechanisms in the form of differences in *TNF* methylation and cell-type variation will account for some or all of this association. In the process of examining three main hypotheses, we also examine three measurement hypotheses:

![**The conceptual model showing two potential biological, indirect pathways from protective parenting to self-reported young adult poor health.** (1) A positive efffect (+) on level of methylation of TNF, and (2) a negative effect (--) on activation of monocytes reflecting greater innate immune system activation, with each associated in turn with young adult health.](fpsyg-06-00676-g0001){#F1}

Main hypotheses

1.  1.  Protective parenting will be associated with epigenetic regulation of inflammation via methylation of *TNF* resulting in a positive (+) association as well as with relative activation of innate vs. acquired immune responses via shifts in the relative proportion of different white blood cell types of different white blood cell types leading to a negative (-) association.

    2.  Protective parenting will be associated with perceived health, indicating its implications for predicting young adult health.

2.  1.  The methylation index created to capture variation in level of methylation of exon 1 of *TNF*, and a cell-type index capturing a shift toward pro-inflammatory processes, will demonstrate associations with level of protective parenting as well as with perceived health, allowing direct comparison of their role in mediating the impact of protective parenting on young adult health.

    2.  Level of methyation of *TNF* will be associated with cell-type variation such that hypothesized pro-inflammatory patterns will tend to be mutually reinforcing.

3.  As portrayed in Figure [1](#F1){ref-type="fig"}, both methylation of *TNF* and shifts in cell-type variation will mediate the effect of protective parenting on perceived health in young adulthood and be associated with significant IE from parenting to health.

Measurement Hypotheses:

1.  Batch and Chip effects will be identified in the full set of CpGs assessed and confirmed using technical replicates, allowing them to be controlled.

2.  Cell type variation will be characterized utilizing patterns of DMRs, allowing characterization of shifts in relative proportions of cells associated with innate vs. acquired immune system response.

3.  Degree of methylation of CpG residues on the first exon of *TNF* will be intercorrelated, indicating coordination of methylation across the first exon, and indicating that an index of methylation of the first exon for *TNF* results in a reliable construct.

Materials and Methods
=====================

Participants
------------

A total of 398 primary caregivers (PCs) and target youth residing in rural Georgia, were selected randomly from a larger sample of youth participating in an ongoing longitudinal study, and provided data yearly between youth ages of 11 and 19. Participants resided in nine rural counties in Georgia. In these counties, families live in small towns and communities in which poverty rates are among the highest in the U.S. and unemployment rates are above the national average ([@B22]). Recruitment and data collection procedures were developed with input from focus groups of rural African American community members ([@B42]; [@B46]), and community liaisons were used to aid in the recruitment and retention of participants. Community liaisons were African American community members selected on the basis of their social contacts and standing in the community. The community liaisons sent a letter to the families and followed up on the letter with phone calls to the PCs. To enhance rapport and cultural understanding, African American students and community members served as home visitors to collect data at all visits.

Self-report questionnaires were administered to mothers and target children in an interview format. Each interview was conducted privately, with no other family members present or able to overhear the conversation. Assessments of parenting were provided by African American PCs. 96.2% of PCs were female, with 89.21% being the biological mother. Other females in the role of PC were Aunt (1.05%), Grandmother 4.21%, step-mother (0.26%). When males were the PCs they were the biological father (3.42%). Foster father (0.26%), or grandfather (0.79%). Mean age of PCs was 46.122 (SD = 7.540), 15.70% had less than a 12th grade education, and 65.50% had a job. At the first assessment, PCs in the sample worked an average of 39.9 h per week, and 42.3% lived below federal poverty standards, with a majority living below 150% of the poverty threshold, and median monthly family income was \$1,710. Median monthly family income was \$1,648 at the age of 19. In this and other regards they are representative of the Georgia counties in which they reside ([@B5]).

Youth provided blood for epigenetic assessments as well as reports of the caregiver's parenting and their own physical health. Target youth mean age was 11.7 years at the first assessment and 19.2 years at the time of epigenetic assessment based on a blood draw. Of the 398 targets, 0.8% were married at the time of the blood draw, and another 1.5% were separated, divorced, or widowed. Of the young adults whose outcomes are the focus of the investigation, 45.4% are males and 54.6% of females. Approximately one-quarter (24%) had less than a 12th grade education, and only 7.3% had a full-time job.

The current sample has been the focus of prior research described in [@B3], and [@B2].

Procedure
---------

A standardized assessment protocol lasting 2 h, on average, was used at each wave of data collection. All data were collected in participants' residences using two African American field researchers who met with each family to allow separate and simultaneous data collection from the PC and the target youth. All interviews were conducted so that no other family members were present or able to overhear the conversation. PCs consented to their own and the youths' participation in the study, and the youths under 18 assented to their own participation and then consented when they participated as adults. All procedures were approved by the University of Georgia Institutional Review Board.

Measures
--------

### Parenting

Protective parenting processes related to support, communication, and monitoring as well as adverse practices such as harsh parenting were assessed across five scales using target youth reports as well as parent reports. Three scales were common to youths and PCs with wording changes as appropriate. The Interaction Behavior Questionnaire (IBQ; [@B52]), Nurturant-Involved Parenting Scale ([@B21]), and the Harsh/Inconsistent Parenting Scale ([@B8]) were completed by both youths and a PC. Youths also completed a revised version of the four-item Social Support for Emotional Reasons subscale from the COPE scale to assess levels of parental support ([@B13]). PCs also completed the Destructive Arguing Inventory to assess styles of conflict and conflict resolution within parent-child relationship ([@B43]). Not including harsh parenting, Cronbach's alphas ranged from 0.73 to 0.84 for caregivers and from 0.76 to 0.85 for youth. Harsh parenting displayed lower alphas than other measures (0.54 to 0.60 for caregivers; 0.53 to 0.59 for youths).

Each scale was standardized and then averaged across the first three waves of assessment (i.e., ages 11--13). We reversed negatively valenced parenting measures to ensure that for all measures, higher scores indicated more protective parenting and fewer negative practices. All the parenting measures were summed to form the overall measure of protective parenting.

### Young Adult Health

Youths reported their general health in young adulthood (age 19) using the General Health Perceptions subscale from the RAND Short-Form Health Survey ([@B34]) shortly after the blood draw to assess methylation. This five-item subscale includes a single-item rating of overall health ranging from 1 (*excellent*) to 5 (*poor*) and four items assessing youths' ratings of their current health status ranging from 1 (*definitely false*) to 5 (*definitely true*); e.g., "I am as healthy as anybody I know"; "I seem to get sick a little easier than other people." In keeping with standard scoring, responses 1 through 5 were recoded to values of 100, 75, 50, 25, 0. Positive items were reversed scored so that higher scores indicated more health problems and poorer general health. After reverse scoring, all items were averaged to yield a General Health Problems score with a range of 0--100 (α = 0.76).

### BMI and Diet

Body mass index (BMI) was calculated at ages 18 and 19 as weight in kilograms divided by the square of height in meters. In the current study, mean BMI was 28.33 (SD = 8.13), with 54.6% of the participants classified as overweight (BMI ≥ 25). Healthy diet was assessed at ages 18 and 19 using two items that asked about frequency of fruit and vegetable consumption during the previous 7 days. The relationship between the two items was significant r = 0.483 (*p* \< 0.001). Responses ranged from 1 (none) to 5 (twice a day or more) and were averaged to form the healthy diet variable.

### Methylation

Certified phlebotomists drew four tubes of blood (30 ml) from each participant. Tubes were shipped the same day to a laboratory for preparation. After receipt, the blood tubes were inspected to ensure anticoagulation and aliquots of blood were diluted 1:1 with phosphate buffered saline pH 8.0. Mononuclear cell pellets were separated from the diluted blood specimen by centrifugation with ficoll (400 g, 30 min) and the mononuclear cell layer was removed from the tube using a transfer pipette, resuspended in a phosphate buffered saline solution, and briefly centrifuged again. The resulting cell pellet was resuspended in a 10% DMSO/RPMI solution and frozen at --80°C until use. A typical DNA yield for each pellet was between 10 and 15 mg.

The Illumina (San Diego, CA, USA) HumanMethylation450 Beadchip was used to assess genome-wide DNA methylation. Participants were randomly assigned to 12 sample "slides/chips" with groups of eight slides being bisulfite converted in a single batch, resulting in five "batches/plates." A replicated sample of DNA was included in each plate to aid in assessment of batch variation and to ensure correct handling of specimens. The replicate sample was examined for average correlation of beta values between plates and was found to be greater than 0.99. Prior to normalization, methylation data were filtered based on these criteria: (1) samples containing 1% of CpG sites with detection p-value \> 0.05 were removed, (2) sites were removed if a beadcount of \< 3 was present in 5% of samples and (3) sites with a detection *p*-value of \> 0.05 in 1% of samples were removed. More than 99.76% of the 485,577 probes yielded statistically reliable data.

***Quantile normalization of methylation data***

Recent demonstrations (e.g. [@B50]) have shown that quantile normalization methods as well as separate normalization of Type I and Type II assays in the Illumina array produce marked improvement in detection of relationships by correcting distributional problems inherent in the manufacturers default method for calculating β (i.e., β = *M*/(*M* + *U* + 100) where M and U are methylated and unmethylated signal intensities, respectively. Accordingly, for the current investigation, the methylated and unmethylated intensities obtained using the Illumina Human-Methylation450 BeadChip were quantile normalized using the wateRmelon (2013) R package ([@B59]; [@B56]). The "*dasen"* function recommended by [@B50] was used. This method equalizes the backgrounds of Type I and Type II probes prior to normalization, and includes between-array normalization of Type I and Type II probes separately but does not perform dye bias correction.

***Identifying and correcting for chip and batch effects***

As demonstrated by [@B58], quantile normalization typically reduces, but may not eliminate, batch and chip effects. Accordingly, after preprocessing to normalize the beta values, all samples were examined for batch and chip effects. The distribution of quantile normalized average β values for all samples in each chip and batch were contrasted with all others using a box and density plot to indicate both the mean and confidence intervals around the mean in each case. The results of this examination are provided in the preliminary stage of the results section. Any plate or chip effects can then be controlled in all subsequent analyses. Because all plates contained a technical replicate, it was also possible to confirm the batch/plate effects via direct examination of the replicated sample.

***Assessing proportion of cell types in mixed cell populations***

Ficoll purified peripheral blood mononuclear cell pellets of the sort used in the current investigation are comprised of several different cell types (e.g., CD4, CD8, CD14, CD19, CD56) ([@B53]). To account for individual differences in cell types, such as that potentially produced by a shift toward pro-inflammatory innate immune system cell types, a regression calibration approach similar to that developed by [@B36] was performed. However, whereas [@B36] used an approach based on the Illumina HumanMethylation 27K BeadChip, we utilized an alternative approach based on Illumina HumanMethylation 450K BeadChip data. Highly informative CpG sites were identified by contrasting methylation profiles for purified cells (CD4+ T cells, CD8+ T cells, CD14+ monocytes, CD19+ B cells, and CD56+ Natural Killer cells) using data contributed by ([@B53]; GEO database under accession number GSE35069) and analyses were performed using regression in MethLAB, Version 1.5 ([@B40]). The 100 sites best differentiating to the five cell types of interest were retained for further analysis in SPSS version 22 ([@B38]). A locus determined to be on the X chromosome was dropped from subsequent analyses. Then, we performed a principal components analysis (PCA) on the remaining 99 loci using the current data set to identify principle component factors that would characterize dimensions of individual variability in cell-type in the most parsimonious manner for the current data set.

Results
=======

Results are presented in six steps, beginning with the three steps reflecting preliminary, measurement-related analyses and then the three steps related to specific hypotheses.

Measurement-related Analyses
----------------------------

### Characterizing Cell Type Variation

As described above, we extracted the 99 loci best differentiating cell-types in the [@B53] data set, and then subjected these to a principle component factor analysis. The scree plot had an elbow after the first three factors, with the first three factors accounting for 31.06%; 14.26%; and 6.64% of the common variance respectively. To determine which, if any of these factors might reflect a shift toward greater innate vs acquired immune response, we used a simultaneous regression to predict factor scores from cell types using the original data set from [@B53]. Greater scores on the first principle component (PC1) were inversely associated with CD56 (Natural Killer Cells) and positively associated with CD4 (T helper cells) and CD19 (B or T helper cells), suggesting a relationship to both innate and acquired immune system activity. The second principle component (PC2) was associated negatively with CD19 (B or T cells) and positively with CD8 (T suppressor cells), albeit non-significantly in all cases, a pattern not clearly reflective of a shift toward innate or acquired responses. PC3 was positively and robustly associated with CD14 (monocytes) and negatively associated with CD19 (acquired B or T cells), suggesting a shift toward greater responsiveness of the innate immune system. All principle component scores were also examined at the zero order level to identify associations with parenting and young adult health to identify which could potentially mediate effects of protective parenting.

### Characterizing Batch and Chip Effects

To examine the distribution of quantile normalized average βs indicating level of methylation, all methylation values for each sample were contrasted with all others using a box and density plot to indicate both the mean and confidence intervals around the mean for each chip and batch. As can be seen in Figure [2](#F2){ref-type="fig"}, confidence intervals for chips within batches overlap suggesting no need for correction of chip effects. However, confidence intervals for batches did not overlap, suggesting there is a need for correction of batch/plate effects.

![**Average methylation values across all CpG sites by chip.** Chips 1--8 chips on Plate 1; chips 9--16 chips on Plate 2; chips 17--24 on Plate 3; chips 25--32 on Plate 4; chips 33--34 on Plate 5. There are plate effects but not chip effects, with Plates 4 and 5 having higher average methylation values and Plate 2 having a lower average Beta than do Plates 1 and 3. \*indicates the presence of an outlier from the chip.](fpsyg-06-00676-g0002){#F2}

The pattern of means observed for the technical replicate reproduced the pattern observed across all quantile normalized average βs, confirming the need to correct for batch/plate effects. Accordingly, batch/plate was used as a categorical covariate in all analyses.

### TNF Methylation

Eight CpG sites were identified as being associated with the first exon of *TNF*. Greater methylation of this region for cells expressing TNF should result in a reduction in gene expression and so, ultimately, a reduction in TNF-α. The inter-correlation of the eight CpG values were examined (*r*s ranging from 0.736 to 0.942; all *p*s \< 0.00001) and all individual CpGs were significantly correlated with parenting (*r*s ranging from 0.094 to 0.172) and with young adult health (*r*s ranging from --0.080 to --0.143). A factor analysis of the eight CpGs identified a single factor with all loadings above 0.85. Accordingly, to index overall methylation of the first exon of *TNF*, βs for CpGs on the first exon were mean-centered and standardized prior to creating an average score with a Cronbach alpha of 0.98.

Model-related Analyses
----------------------

### Hypothesis 1a

As can be seen in Table [1](#T1){ref-type="table"}, protective parenting was associated with the *TNF*-index (*r* = 0.150, *p* = 0.003). However, of the three principle components comprising variation in cell types, protective parenting was associated significantly only with PC3 (*r* = --0.166, *p* = 0.001).

###### 

**Correlation matrix for the major study variables (*N* = 398)**.

                             **1**         **2**        **3**         **4**         **5**      **6**     **7**     **8**     **9**     **10**
  -------------------------- ------------- ------------ ------------- ------------- ---------- --------- --------- --------- --------- --------
  1\. Parenting              --                                                                                                        
  2\. Self-reported health   --0.108\*     --                                                                                          
  3\. *TNF*-index            0.150\*\*     --0.123\*    --                                                                             
  4\. Male                   0.007         --0.095^†^   0.066         --                                                               
  5\. Age                    0.037         --0.124\*    0.104\*       0.014         --                                                 
  6\. BMI                    --0.005       0.098^†^     --0.034       --0.128\*     0.055      --                                      
  7\. Diet                   0.011         --0.079      --0.035       --0.003       0.042      0.036     --                            
  8\. Factor 1               0.075         --0.041      0.662\*\*     --0.149\*\*   0.103\*    0.006     --0.008   --                  
  9\. Factor 2               0.035         --0.094^†^   0.334\*\*     0.128\*       0.093^†^   --0.008   --0.085   0.003     --        
  10\. Factor 3              --0.166\*\*   0.039        --0.350\*\*   --0.218\*\*   --0.019    0.021     0.018     --0.005   --0.011   --
                                                                                                                                       
  Mean                       --0.131       26.043       0.001         0.452         20.464     0.548     2.835     0.084     0.017     0.031
  *SD*                       4.375         18.721       0.938         --            0.607      0.498     0.854     30.618    14.263    6.499

\*\*p ≤ 0.01; \*p ≤ 0.05; ^†^p \< 0.10 (two-tailed tests). Factors 1--3 are the three principle components reflecting cell-type variation in the current data.

### Hypothesis 1b

Protective parenting was also associated significantly with young adults' reports of health in young adulthood (*r* = --0.108, *p* = 0.031).

### Hypothesis 2a

As can be seen in Table [1](#T1){ref-type="table"}, the methylation index for *TNF* was associated with young adult health (*r* = --0.123, *p* = 0.014), as well as with cell-type variation (PC1 *r* = 0.662, *p* = 0.000; PC2 *r* = 0.334, *p* = 0.000; PC3 *r* = --0.350, *p* = 0.000), setting the stage for tests of mediation. However, of the factors capturing cell-type variation, only factor 3 was associated both with parenting (*r* = --0.166, *p* = 0.001). Accordingly, the *TNF*-index and Factor 3 were examined as potential alternative pro-inflammatory mediators of the effect of parenting on young adult health.

### Hypothesis 2b

The *TNF*-index was also associated in the expected direction with PC3 (*r* = --0.350, *p* = 0.000), indicating that less methylation of *TNF* (pro-inflammatory) was associated with relatively greater presence of monocytes (pro-inflammatory).

### Hypothesis 3

Using the *TNF*-index and PC3 to represent alternative potential pro-inflammatory pathways linking protective parenting to health, we examined whether the effects of protective parenting on self-reported health were mediated by methylation and/or cell type variation. We used the function (MODEL INDIRECT) in Mplus version 7.2 ([@B47]) and obtained bootstrap confidence intervals for the effect of the independent variables (parenting and SES risk exposure) on the outcome variable (young adult self-reported health) through the mediator (methylation index) using 1000 replicates to assess the bias-corrected 95% confidence intervals for the IE ([@B33]). This approach estimates direct and IE simultaneously, does not assume a standard normal distribution when calculating the *p*-value for the IE, and repeatedly samples the data to estimate the IE.

In the final model, shown in Figure [3](#F3){ref-type="fig"}, which drops non-significant pathways from control variables, parenting is associated with both youth reported health and with *TNF*-methylation. We found that parenting was associated with the *TNF*-methylation index score as well as with Factor 3 reflecting cell-type variation in a multivariate context (See Figure [3](#F3){ref-type="fig"}), controlling for batch/plate effects. As can be seen in Table [2](#T2){ref-type="table"}, the impact of protective parenting on self-reported health in young adulthood was partially, but not fully, mediated by impact on the *TNF*-methylation index, accounting for 11.19% of the variance in young adult health, with a significant IE of parenting on young adult health of *IE* = --0.047, 95% CI = (--0.127, --0.003) and a significant unstandardized direct effect of *B* = --0.42, 95% CI = (--0.790, --0.048). Factor 3, however, id not mediate the effects of parenting on young adult health, *IE* = 0.022, 95% CI = (--0.047, 0.109).

![**Mediated effect of protective parenting on youth reported health in young adulthood, controlling for sex, age, and batch effects, freeing non-significant pathways from control variables.** Chi-square = 4.124, *df* = 3, *p* = 0.248; CFI = 0.996; RMSEA = 0.031. Values are standardized parameter values. Sex, age, BMI, diet, and batch/plate are controlled. *N* = 398. \**p* \< 0.05, \*\**p* \< 0.01, two-tailed.](fpsyg-06-00676-g0003){#F3}

###### 

**Significance of the indirect effects on health through factor 3 and TNF (*N* = 398)**.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Paths**                                        **Total effect**               **Indirect effect**            **The portion of the variance for mediator**
  ------------------------------------------------ ------------------------------ ------------------------------ ----------------------------------------------
  Protective Parenting (W1--W3)→\                  --0.420\* (--0.790, --0.048)   0.022 (--0.047, 0.109)         ---%
  Innate vs. acquired immune system activation→\                                                                 
  Self-reported young-adult poor health (W9)                                                                     

  Protective Parenting (W1--W3)→\                  --0.420\* (--0.790, --0.048)   --0.047\* (--0.127, --0.003)   11.190%
  TNF-index activation→\                                                                                         
  Self-reported young-adult poor health (W9)                                                                     
  -------------------------------------------------------------------------------------------------------------------------------------------------------------

The values presented are standardized parameters. Bootstrapping with 1,000 replications. \*p ≤ 0.05, (two-tailed test).

Discussion
==========

The examination of the way that protective parenting during late childhood and early adolescence influences health and potentially remodels biological systems through epigenetic change is just beginning. To the best of our knowledge, this is the first study to contrast potential effects of protective parenting during late childhood and early adolescence on pro-inflammatory process through epigenetic regulation of gene expression vs. increased presence of pro-inflammatory innate immune system cell-types (e.g., monocytes). Consistent with study hypotheses, we found that protective parenting practices, assessed longitudinally, were associated with effects on pro-inflammatory processes both through effects on methylation of *TNF*, and through effects on proportion of immune cells that were monocytes. Accordingly, parenting at ages 11--13 was negatively associated with both pro-inflammatory epigenetic patterns and pro-inflammatory cell-type variation assessed at age 19. In addition, these effects were not spurious associations due to age, gender, or batch (i.e., measurement) effects. Because we used a longitudinal research design to test hypotheses regarding the effects of parenting on health, we identified protective parenting as a predictor of pro-inflammatory processes and so strengthened its claim to play a causal role in young adult health. These findings are consistent with the proposition that poor health and health disparities during young adulthood may be ameliorated, in part, by processes correlated with protective parenting.

The current results suggest that better understanding the way in which mononuclear white blood cell signaling processes are altered, net of effects on individual differences in cell type composition, is promising as a mechanism by which protective parenting influences young adult pro-inflammatory tendencies among African American youth. The current study builds on past results by suggesting that there may be effects of protective parenting in late childhood and early adolescence that parallel or expand upon those observed for early childhood life stress on subsequent biological and genomic functioning (e.g., [@B45]; [@B26]). The current results suggest that protective parenting measured during late childhood and early adolescence may also exert an influence on genomic functioning and health in young adults, and contributes to promising work on multiple fronts suggesting that various epigenetic mechanisms may be related to, and help account for, long-term effects of protective parenting on health.

At the same time, our findings provided only partial support for the dual pathway model outlined in Figure [1](#F1){ref-type="fig"}. First, although it was possible to characterize the relative proportion of mononuclear white blood cell types in the blood samples provided using the techniques developed by [@B1] and [@B36] to characterize cell type variation, and we found that protective parenting was associated with the relative proportion of monocytes in the mononuclear white blood cell sample, that proportion was not associated with youth reports of their health in young adulthood. Accordingly, there was no evidence of mediation of parenting effects on young adult health through cell-type variation in the current sample. In addition, even the significant mediational pathway through *TNF* methylation did not account for the majority of health related effects of protective parenting during late childhood and early adolescence. Only 11.19% of the variance in young adult health attributable to protective parenting was accounted for by *TNF* methylation, suggesting that there are other pathways to young adult health that require explication.

In addition, limitations of the present study design that preclude strong causal conclusions should be noted. Because we did not assess early childhood parenting, we do not know if the observed effects for protective parenting during late childhood and early adolescence might be accounted for by even more potent effects in early childhood. Future work with measures of both early and later parenting would be helpful in resolving this concern. In addition, there were no repeated measurements of either level of *TNF* methylation or variability in cell-type composition. As a consequence, it is not possible to address the issue of change in inflammatory mechanisms and whether protective parenting in late childhood was associated with this change. It would be useful if future replications with younger rural African American children could examine the interplay of environmental challenges and parenting occurring at multiple stages of development to better characterize key developmental stages at which protective parenting exerts its greatest effects. Likewise it would be useful to examine whether protective parenting has different effects on inflammatory processes at different ages. Accordingly, replication of the current investigation with repeated measurement of methylation as well as repeated measurement of protective parenting would be useful. Finally, because we did not measure gene expression, the current results await replication and extension using methods that can clarify whether the observed effects are associated with changes in gene expression that would indicate up or down regulation of *TNF*. Additional limitations include absence of objective medical records, lack of information about possible in utero exposures, lack of specific somatometric assessments of truncal fat, lack of specific dietary assessment of PUFA consumption, lack of explication of potential co-caregiver effects, and absence of genotyping of TNF polymorphisms. However, we controlled for BMI and general aspects of healthy diet and found no significant association with TNF methylation, finding that these did not affect the observed relationships. Likewise, self-reported health just prior to the blood draw indicated that the young adults who comprised the current sample considered themselves relatively healthy on average at the time of the blood draw and they were not yet at an age where a general population sample of this sort would be anticipated to have accumulated large numbers of physician documented health problems. Finally, to the extent that specific genetic polymorphisms influence TNF methylation, they would not be anticipated to affect the observed results unless they were correlated with parenting as well as TNF methylation.

There is also room for more fine-grained examination of parenting. Protective parenting is comprised of both increased positive and decreased negative forms of parent-child interaction. Accordingly, more fine-grained examination of different facets of parenting could be useful in determining whether some facets of parenting are particularly consequential with regard to particular outcomes. More fine grained analyses could be useful, for example, in developing implications for more targeted intervention to enhance health. There is also a particular need for replication and extension of our finding that greater protective parenting was associated with a significant shift in cell-type composition in the direction of relatively fewer CD14 monocytes (a marker of innate immunity), suggesting potential long-term impact on chronic inflammation ([@B39]). Although controlling the effect of cell type did not reduce the direct effect of parenting on health or result in a significant IE of protective parenting on young-adult health, this effect does illustrate the potential for protective parenting to influence future health-relevant processes indirectly by changing cell type. To the extent that such changes in cell-type composition enhance reactivity to future life stress, exacerbate the negative effects of health behaviors, accelerate other aging related processes, or change signaling processes that influence other behavior patterns, they may be quite consequential for long-term health outcomes even though that is not apparent in the current investigation. Accordingly, future examination of effects related to impact on cell-type variation is warranted.

Despite limitations and the need for future replication, the current results provide a useful demonstration of the impact of protective parenting during pre-adolescence on *TNF* methylation and youths' long-term health outcomes. Jointly, the results suggest the value of continued investigation of epigenetic changes related to protective parenting and its potential for impact on later health outcomes.
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CpG

:   regions of DNA in which a cytosine nucleotide occurs next to a guanine nucleotide separated by only one phosphate

TNF

:   Tumor necrosis factor

SES

:   socioeconomic status

DMR

:   Differentially methylated Region
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